Reptiles are the unique ectothermic amniotes, providing the key link between ectothermic anamniotes fish and amphibians, and endothermic birds and mammals; becoming an important group to study with the aim of providing significant knowledge into the evolutionary history of vertebrate immunity. Classification systems for reptiles' leukocytes have been described by their appearance rather than function, being still inconsistent. With the advent of modern techniques and the establishment of analytical protocols for snakes' blood by flow cytometry, we bring a qualitative and quantitative assessment of innate activities presented by snakes' peripheral blood leukocytes, thereby linking flow cytometric features with fluorescent and light microscopy images. Moreover, since corticosterone is an important immunomodulator in reptiles, hormone levels of all blood samples were measured. We provide novel and additional information which should contribute to better understanding of the development of the immune system of reptiles and vertebrates.
Introduction
Knowledge of the mechanisms underlying the immune defense, and how they have adapted and changed to pathogens and environmental challenges is fundamental to understand the evolution of life on our planet. Despite its importance, development of the field of evolutionary immunobiology is far from mature, with several information gaps being readily identified, preventing this field from achieving its full plenitude (Warr et al., 2003) . In this context, the immune system of certain important classes of animals are still poorly understood due to limited investigation. An example is the reptile group, about which little is known, from an immunological perspective (Origgi, 2007; Warr et al., 2003) .
Reptiles are the unique ectothermic amniotes, providing the key link between ectothermic anamniote fish and amphibians, and endothermic birds and mammals, thus becoming an important group to study with the objective of providing important information into the evolutionary history of vertebrate immunity, as well as the growing field of eco-immunology (Zimmerman et al., 2010) . Moreover, it is impossible to completely comprehend the immune systems of higher groups, such as mammals and birds, without information on the immunological features of the ancestries from which they derived (Warr et al., 2003) .
The immune system response comprises a complex process which includes specialized cells, effector molecules and hormones. Many of these cells interactions and effector functions are likely to exist in the immune system of reptiles, but only a few of these have been adequately studied and identified (Origgi, 2007) .
The classification systems available for reptiles' leukocytes are still inconsistent because variable criteria have been used to categorize these cells; in addition, morphological studies on reptilian leukocytes have typically utilized only a restricted number of techniques to define such cells, leading to both unsubstantiated interpretations and inconsistent reports (Claver and Quaglia, 2009; Sypek and Borysenko, 1988) . Furthermore, leukocytes in reptiles have been described according to their morphology rather than their function. Because of the lack of functional knowledge, the nomenclature applied to certain reptilian leukocytes should be regarded as tentative (Claver and Quaglia, 2009; Sypek and Borysenko, 1988) .
To cover these gaps in knowledge on reptiles' immune system, very interesting studies have recently been published, successfully describing some phenotypic and functional characteristics of these cells, mainly in species from the Testudines Order (Muñoz et al., 2009; Pasmans et al., 2001; Rossi et al., 2009; Rousselet et al., 2013; Zimmerman et al., 2009 Zimmerman et al., , 2013 . However, considering the heterogenicity and phylogenetic distance between reptile orders (Pyron et al., 2013) , further studies involving other species of reptiles are required to better elucidate their immune system characteristics.
With the advent of more modern techniques and the establishment of analytical protocols for snakes' blood leukocytes by flow cytometry (Carvalho et al., 2016) , here we describe, for the first time, a qualitative and quantitative assessment of innate (phagocytosis and oxidative burst) cellular activities presented by leukocytes isolated from the peripheral blood of three species of neotropical snakes, by coupling flow cytometric features with fluorescent and light microscopy images. Yet, as it is known that corticosterone is a powerful regulator of the immune function in reptiles (Meylan et al., 2010) , we measured the serum corticosterone levels of sampled snakes. We describe novel and additional information which should contribute to better understanding of the immune system development in reptiles and vertebrates.
Materials and methods

Snakes
The present study was approved by the School of Veterinary Medicine and Animal Science, University of São Paulo, Ethics Committee on Animals Use, (Registry Number 8322070714), and by SISBIO (Authorization System and Information in Biodiversity) license 44990-5.
Three species of Brazilian snakes, two vipers (Crotalus durissus and Bothrops jararaca) and one boa (Boa constrictor), of the Laboratory of Herpetology, Butantan Institute, Brazil, were included in the study. The snakes were housed in acclimatized standard rooms with defined lighting cycles, at temperatures between 25 C and 28 C, and 60% relative humidity. The snakes were maintained in individual plastic containers (60 Â 40 Â 15 cm) with corrugated fiberboard substrate and water ad libitum, supplied by plastic water fountain drinker.
Blood samples were collected from 15 males and 15 females from each vipers' species and 6 males and 6 females from boas. The snakes were assumed to be adapted to captivity due to their over 12 months captivity period; and clinically healthy based on feeding routine, behavior, successful shedding, body score, hemogram and leukogram values.
Blood collection
Blood samples were collected in a maximum period of 3min after the beginning of physical restraint, from the ventral coccigeal vein in vipers or from the paravertebral sinus in boas, using heparinized disposable hypodermic needles (Becton Dickinson) attached to plastic syringes (Becton Dickinson). Samples were immediately transferred to tubes containing sodium heparin (Becton Dickinson) and transported at room temperature, within a maximum of 30min to the laboratory for processing and analysis.
In vitro Staphylococcus aureus and Zymosan A qualitative phagocytosis assay in fresh blood
For qualitative analysis of phagocytosis activity in snakes' leukocytes, two phagocytosis assays per species (n ¼ 6) were performed by adding (1) Louis. Mo, USA) (SAPI) suspension (0.5 mg/mL) in 300 mL of fresh blood volume as describe for Zymosan A assay. Samples were incubated for 60min, in agitation over a 450 rpm shaker, at room temperature (25ºC-28 C), then washed with 2 mL of 3 mM ethylenediamine tetraacetic acid (EDTA) solution to stop phagocytosis activity and to wash off the excess of free Zymosan A and Staphylococcus aureus particles. Samples were then suspended in 300 mL of Phosphate Buffered Saline (PBS). Smears (n ¼ 6) were then prepared and air dried followed by the May-Grünwald-Giemsa/ Rosenfeld staining technique (Campbell, 2006; Rosenfeld, 1947) . Blood films were completely analyzed by light microscopy using a 100Â oil immersion objective. Phagocytosis images were captured with Image-Pro 3DS 6.0 software (Media Cybernetics Inc., Silver Spring, MD, USA) using a photographic camera model Go-5 Datasheet-QImagingn, coupled to an Olympus BX-50 optical microscope (Olympus Optical, Tokyo, Japan). Leukocytes were classified as heterophils, lymphocytes, azurophils and basophils, as described by Alleman et al. (1999) .
Isolation of leukocytes
Peripheral blood leukocytes were isolated using a one-step Percoll (GE Healthcare Life Sciences) gradient, as previously described (Carvalho et al., 2016) . This gradient was prepared by placing 2 mL of a 57% Percoll stock solution in 1Â Hanks' Balanced Salt Solution (HBSS) (Gibco, Life Technologies) in a 15 mL conical tube, followed by slowly overlaying 2 mL of blood diluted (1:1) in 1Â HBSS. The gradient was centrifuged at 1280g for 5 min, at 18 C, with acceleration and brakes at 0. The leukocyte layer between plasma and Percoll was carefully recovered using an automatic pipet. The isolated leukocytes were washed once in 10 mL of PBS, followed by centrifugation at 300g for 10min, and the resulting cell pellet was suspended in 1 mL of PBS for further analysis. Cell numbers and viability were evaluated using a Neubauer chamber and the trypan-blue exclusion method.
Phagocytosis assays
Phagocytosis activity was evaluated in vitro as previously described (Rossi et al., 2009) , with slight modifications (B. jararaca, n ¼ 30; C. durissus, n ¼ 30; B. constrictor, n ¼ 12). Viable cells were counted in Neubauer counting chamber using trypan-blue (10 mL of cell suspension in 90 mL of trypan-blue). At least 95% of the cells had to be viable in order to be subjected to functional assays. After determining the number of viable cells, samples of cell suspensions were adjusted to 4 Â 10 (Sigma, St Louis. Mo, USA) marked with 10 mM carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) was used in a proportion of 10 particles per leukocyte. Cell suspensions were incubated for 60 min at room temperature (25 C-28 C), in agitation over a 450 rpm shaker, in the dark. After the incubation period, samples were washed in 2 mL of 3 mM EDTA solution, at 300g for 7min. Cells were then suspended in 300 mL of PBS and analyzed by flow cytometry. For each sample, the phagocytosis assays were organized as follows:
Condition A (control): cell suspension; Condition B (bacterial stimulus): cell suspension þ SAPI suspension; Condition C (fungi stimulus): cell suspension þ Zymosan A suspension.
Oxidative burst assays
Oxidative burst was evaluated in vitro as previously described (Rossi et al., 2009) , with slight modifications (B. jararaca, n ¼ 30; C. durissus, n ¼ 30; B. constrictor, n ¼ 12). Viable cells were counted using a Neubauer counting chamber and trypan-blue (10 mL of cell suspension in 90 mL of trypan-blue). At least 95% of the cells had to be viable in order to be submitted to the functional assays. After determining the number of viable cells, samples of the cell suspensions were adjusted to 4 Â 10 5 leukocytes/100 mL. As bacterial challenge for oxidative burst, inactivated SAPI was used in the same proportion described above. As a chemical challenge for oxidative burst, phorbol 12-myristate 13-acetate (PMA) was applied. An intermediate solution was prepared at a 2 mg/mL concentration, while final PMA assay concentration was 0.2 mg/mL or 324 nM/mL. Cell suspensions were incubated for 60 min at room temperature (25 C-28 C), under agitation over a 450 rpm shaker, in the dark, with 2,7-dichlorofluorescin diacetate (DCFH-DA) (Sigma, St Louis. Mo, USA) solution prepared at a 304 mM in PBS, resulting in a final concentration of 60.8 mM DCFH. After incubation, samples were washed in 2 mL of 3 mM EDTA solution, at 300g for 7min. Cells were then suspended in 300 mL of PBS and analyzed by flow cytometry. For each sample, the oxidative burst assays were organized as follows:
Fluorescence microscopy of SAPI and Zymosan A phagocytosis assays
To confirm the quality of the fluorescence of antigenic particles and phagocytosis activity, fluorescence microscopy was performed in one snake per species (n ¼ 3) with SAPI and Zymosan A phagocytosis assays.
For samples from the SAPI assay, an aliquot of snake leukocytes was fixed in PBS/1e2% paraformaldehyde, followed by washing with 0.1 M tris-glycine for 5min to block aldehyde groups, and then washed with 2 mL of PBS. Cells were permeabilized with PBS/0.1% Triton X-100 for 20min and then incubated with PBS/0.01% Phalloidin-FITC (Molecular probes ® , Thermo Fisher Scientific) for 30min. Samples were then washed 3 times with PBS for 5min each.
To assemble the microscope slides Vectashield (Vector Laboratories, Burlingame, CA) mounting medium containing 4,6 0 -diaminido-2-phenylindole (DAPI) was used.
After Zymosan A phagocytosis assay, snake leukocytes were stained as described for the SAPI assay with the substitution of phalloidin by acridine orange, at a final concentration of 10 ng/mL.
Fluorescence microscopy and image analysis
Images were captured using a fluorescence microscope (Nikon Eclipse 80i and x 100 oil-immersion objective) and Nikon ACT-1C software (Nikon Instruments Inc., Melville, NY, USA).
Flow cytometric analysis and cell sorting
After the functional assays, cell suspensions (about 1e5 x 10 5 cells) were used for flow cytometric analysis in a dual laser (Campbell, 2006; Rosenfeld, 1947) and analyzed by light microscopy.
Measurement of serum corticosterone
For serum corticosterone measurement, heparinized blood samples (n ¼ 72) were centrifuged at 2000g for 10min for plasma separation. Plasma fractions were recovered using an automatic pipet and stored at À80 C. DetectX ® Corticosterone Enzyme
Immunoassay Kit (Arbor Assays, Ann, MI, USA) was used to quantify corticosterone serum levels following the protocol suggested by the manufacturer. Plasma dilution was tested, with the best results being achieved at 1:100.
Statistical analysis
All statistical analyses and graphs were performed in Prism version 5 (Graph Pad Software Inc., San Diego, CA, USA) software. Continuous data were compared by Kolmogorov-Smirnov tests for normality and ranked according to their adherence to a Gaussian curve. Data were expressed as median, interquartile ranges, and minimum and maximum values. Same populations exposed to either SAPI or Zymosan stimuli where compared with Unpaired ttests, or Mann-Whitney tests if distribution was non-gaussian. When comparing more than two groups of samples, KruskalWallis with Dunn's posttest was used. Differences were considered statistically significant at p < 0.05.
Results
Qualitative analysis of snake leukocytes phagocytosis activity in blood smears
By examining the blood smears (n ¼ 6), heterophils, lymphocytes and azurophils of all snake species were observed to present phagocytosis activity in the presence of Zymosan A particles (Fig. 1) . Neither thrombocytes nor basophils were found with internalized or phagocytized particles. Leukocyte types could not be identified in SAPI phagocytosis assays due to the dark-purple staining of engulfed bacteria throughout the cytoplasm and nucleus.
Fluorescence microscopy of phagocytosis assays
To confirm the quality of the fluorescence of antigenic particles and phagocytosis activity, fluorescence microscopy was performed in one SAPI and one Zymosan A phagocytosis assays per species. After images analysis, we verified that both stimuli were fluorescent and engulfed by snake leukocytes (Fig. 2) .
Flow cytometric profiles and cell sorting
Three clusters of cell populations were defined representing relatively homogenous cell populations based on cell size/FSC and internal complexity/SSC. One leukocyte sample from each species was sorted via the three defined clusters and could be identified based on their light microscopic morphology. Although the morphologies were poorly preserved, heterophils, lymphocytes and azurophils were properly identified. Graphs of leukocyte populations with phagocytosis challenges are illustrated in representative cytograms per snake species (Fig. 3) . Representative dot plots of size and fluorescence channel (FSC x FL1 or FSC x FL2) with and without stimuli, for each cell population are provided for Bothrops jararaca (n ¼ 1) (Supplementary material).
3.4. Detection of phagocytosis activity of snakes' leukocytes subsets by flow cytometry: frequency and mean fluorescence intensity Considering the percentage of cells that undergo phagocytosis activities upon SAPI treatment, heterophils presented the highest phagocytic frequency, when compared to azurophils and lymphocytes (Kruskal-Wallis-Dunn's, p < 0.05). With Zymosan A particles, heterophils and azurophils populations presented a major phagocytic frequency, when compared to lymphocytes (Kruskal-WallisDunn's, p < 0.05). Results patterns were similar in all three snake species (Fig. 4A, C and E) .
When the same leukocyte subset was analyzed with different challenges, we verified that heterophils and lymphocytes presented higher frequency of phagocytosis with the SAPI than with the Zymosan A challenge (Mann-Whitney, p < 0.05) in all three species of snakes (Fig. 4A, C and E) . However, azurophils presented a different behavior according to snakes' species, showing no statistical difference of phagocytosis frequency between SAPI and Zymosan A challenges in Boa constrictor and Bothrops jararaca (Unpaired t-test, p > 0.05) (Fig. 4B and C) , but higher frequency of phagocytosis activity with SAPI than with Zymosan A in Crotalus durissus (Mann-Whitney, p < 0.05) (Fig. 4A) . The phagocytosis frequency medians and standard errors for heterophils, lymphocytes and azurophils with SAPI and Zymosan A challenges are plotted in Table 1 .
After analysis of the results obtained for MFI, we verified that there is no statistical difference in the MFI presented by azurophils with SAPI or Zymosan A challenges (Mann-Whitney, p > 0.05) and that lymphocytes engulfed statistically more particles of SAPI than Zymosan A in all snakes' species (Mann-Whitney, p < 0.05) (Fig. 4B,  D and F) . In vipers, heterophils presented no statistical difference of MFI between SAPI and Zymosan A stimuli (Mann-Whitney, p > 0.05) (Fig. 4B and D) . However, Boa constrictor heterophils presented a higher MFI with SAPI than with Zymosan A particles (Mann-Whitney, p < 0.05) (Fig. 4F) .
Comparing the same challenge with different leukocyte populations, we verified that lymphocytes presented the lowest MFI with SAPI, when compared to azurophils and heterophils (KruskalWallis-Dunn's, p < 0.05) (Fig. 4B, D and F) . With Zymosan A stimulus, lymphocytes presented the lowest MFI in vipers' species ( Fig. 4B and D) , however, in Boa constrictor heterophils and lymphocytes presented lower MFI when compared to azurophils (Kruskal-Wallis-Dunn's, p < 0.05) (Fig. 4F) . The phagocytosis mean fluorescence intensity medians and standard errors for heterophils, lymphocytes and azurophils upon SAPI and Zymosan A challenges are plotted in Table 2 .
Detection of oxidative burst activity of snakes' leukocytes subsets by flow cytometry
Flow cytometric analysis of snakes' leukocytes oxidative burst demonstrated that azurophils reflected strong oxidative burst activity against both bacteria and PMA challenges, and were the only cells to show a statistically significant difference between baseline and activated oxidative burst with PMA in all snake species (MannWhitney, p < 0.05). Lymphocytes and heterophils generated low oxidative burst activity with no statistical difference with their respective baseline burst (Mann-Whitney, p > 0.05) (Fig. 5) .
Measurement of serum corticosterone
Since corticosterone is a powerful regulator of leukocytes' function in reptiles, we measured the serum corticosterone of all snake samples. Yet, we were careful to include, in the data set of this study, only blood samples that were collected within a maximum of 3min (Romero and Reed, 2005) from the start of physical restraint, preventing the influence of corticosterone released by restraint stress. Serum corticosterone mean levels were, respectively: 34.16 ng/mL for Crotalus durissus, 40.50 ng/mL for Bothrops jararaca and 9.09 ng/mL for Boa constrictor.
The serum corticosterone levels (ng/mL) of the 72 sampled snakes are shown, according to the species, in Fig. 6 .
Discussion
Phagocytosis and oxidative burst are considered to be fundamental mechanisms of the innate immune defense against microbes, being preserved across many species, rendering them as potentially useful tools to assess wildlife health and to establish phylogenetic studies and new experimental models (Muñoz et al., 2014; Nagasawa et al., 2014) . In spite of their importance, little is still known about phagocytic and oxidative burst responses of snakes' leukocytes.
To the best of our knowledge, this is the first study that successfully demonstrates and documents with photos, the phagocytic abilities of snakes' peripheral blood azurophils, heterophils and lymphocytes. Of these, azurophils and heterophils are traditionally considered to be the major phagocytic cell types of reptiles (Zimmerman et al., 2009; Jurd, 1994) ; nevertheless, the phagocytic activity of snakes' lymphocytes has not been previously demonstrated or measured. The data here reported constitute the first evidence that snakes' lymphocytes display phagocytic abilities even with particles of about 3 mm diameter.
Assessment of phagocytosis in blood smears assay is a very simple and cost effective assay that resulted in excellent cell morphology preservation, with leukocyte types being easily identified. Therefore, it could potentially be useful to qualitatively characterize the existence of phagocytosis activities in cells of reptile species not yet investigated. Although some authors suggest the phagocytosis capacity of thrombocytes in fish, amphibians, reptiles, and birds (Nagasawa et al., 2014; Wigley et al., 1999; Frye, 1991) , we did not find any thrombocyte with engulfed particles in the blood smears analyzed. Further studies directed to snakes' thrombocytes should be undertaken to further investigate the complex functions of these cells in ophidians.
Subjecting the cells to fluorescence microscopy prior to flow cytometric analysis, was useful to confirm that bacterial and Zymosan A particles were, in fact, internalized by the snakes' leukocytes during our in vitro assays. The use of fluorescence microscopy in conjunction with flow cytometry has been described by several authors in phagocytosis studies in order to determine whether the particles have been internalized or were, in fact, only adhered to the cell membrane (Drevets and Campbell, 1991) .
Besides the qualitative analysis of cell innate immunity, quantitative characterization of cellular phagocytic activity and oxidative burst is considered to be a useful indicator of the status of important components of the immune system (Kania, 2008) . Therefore, to further elucidate and better characterize phagocytosis and oxidative burst activities of snakes' leukocytes, flow cytometric evaluation of these cellular functions was undertaken.
Functional flow cytometric cell features, obtained by FSC and SSC parameters, are demonstrated here, for the first time, for snakes' peripheral blood leukocytes. Cell sorting with post leukocyte subsets identification by light microscopy was essential to confirm the dominant cell type in each cluster. Even with a poor and altered morphology, due to the cell sorting process and to the presence of phagocytosed particles, leukocytes were properly identified as heterophils, lymphocytes and azurophils (Alleman et al., 1999) , corroborating previous data (Carvalho et al., 2016) . Basophils did not form a cytogram population, probably due to the low number of this leukocyte type in the peripheral blood of healthy snakes (0e4%) (Campbell, 2006; Frye, 1991) and even for its lower gradient recovery (Carvalho et al., 2016) . Eosinophils also did not form clusters in the analyzed cytograms, but since they were described in only a few elapid species, such as: Naja kaouthia, Naja naja, Ophiphagus hannah and Bungarus candidus (Parida et al., 2014; Vasaruchapong et al., 2014; Salakiji et al., 2002; Alleman et al., 1999) , it is quite possible that they are not present in the peripheral blood of the vipers and boa species samples used here.
Comparing the functional cytograms with the previously nonfunctional ones published (Carvalho et al., 2016) , it is possible to verify that events which performed phagocytosis apparently shifted up and right in the dot plot graphs, demonstrating an increase in cell volume and internal complexity, typical of cells that have undergone phagocytosis (Lehmann et al., 2000) . In order to quantitatively evaluate phagocytosis and oxidative burst functions, the percentage of leukocytes subsets which are capable of phagocytosing and the mean number of engulfed particles (MFI) per leukocyte subset, in addition to the strength of their oxidative burst response (MFI), were measured and analyzed.
In this work, heterophils, lymphocytes and azurophils were involved in the phagocytosis response to bacterial particles, with the heterophils population presenting the highest percentage of phagocytosing cells. This corroborates the literature, since heterophils in reptiles and birds are considered to be functionally equivalent to mammalian neutrophils, playing an important role in the bacterial phagocytic process and inflammation (Muñoz et al., 2014; Zhou et al., 2013) . Upon the Zymosan A stimulus, we verified that the azurophils and heterophils populations displayed a higher frequency of phagocytosis, when compared to lymphocytes, probably due to the size of the Zymosan A particles (about 3 mm), whereas lymphocytes are small cells (5e10 mm) and may have difficulty in phagocytosing large particles. This hypothesis is sustained when one takes into account that a higher percentage of lymphocytes phagocytosed bacterial particles (which are smallerabout 0.6 mm) than Zymosan A. In cases of bacteremia, lymphocytes containing engulfed microorganisms are often observed (Frye, 1991) . Considering the MFI results, we observed that heterophils and azurophils internalized, in general, more particles, when compared to lymphocytes subjected to both stimuli, suggesting that leukocytes phagocytosis capacity in vitro may be directly related to leukocytes size.
Oxidative burst, also named respiratory burst, is an effector mechanism of microbial killing performed by some phagocytic cells (Hõrak and Sild, 2010) . This mechanism destroys microorganisms by producing reactive oxygen species, mediated by the NADPH oxidase enzyme, which constitutes the primary source of oxidants required to kill microorganisms (Hõrak and Sild, 2010; Freitas et al., 2009) . In humans, the inactivity of NADPH oxidase results in a chronic granulomatous disease (a genetic disease) due to the inability of phagocytes to produce microbicidal oxidants (Freitas et al., 2009) . In reptiles, the oxidative burst ability has already been attributed to monocytes and lymphocytes in sea turtles (Rousselet et al., 2013; Rossi et al., 2009) and to macrophages in Trachemys scripta (Pasmans et al., 2001) .
In the present work, only azurophils presented a significant and strong oxidative burst activity, when compared to their respective burst baseline. This agrees with the expected function of snakes' azurophils, since oxidative burst activity is a characteristic function of cells specialized in phagocytosis, such as monocytes, azurophils and neutrophils (Freitas et al., 2009; Heard et al., 2004) . Furthermore, snakes' azurophils stain positive for benzidine peroxidase, Sudan Black B and PAS, and have been proven to mount an oxidative burst, like mammalian neutrophils (Heard et al., 2004; Alleman et al., 1999) .
Based on cytochemical staining and ultrastructural studies, reptilian heterophils are assumed to be functionally equivalent to mammalian neutrophils with their primary functions being phagocytosis and microbicidal activity (Strik et al., 2007) . Although snakes' heterophils seem to be a specialized phagocytic cell, cytochemical studies describe that heterophils granules from most reptile species stain negative for peroxidase enzyme. Therefore, its function may be closely involved to non-oxygen dependent destruction mechanisms of phagocytosed microorganisms (Strik al., 2007; Bounous et al., 1996) , corroborating the absence of oxidative burst activity found for the heterophils populations described in this work.
Since it is indisputable that glucocorticoids are powerful regulators of the immune function and potential immunosuppressant in reptiles (Meylan et al., 2010; Berger et al., 2005) , we undertook the task of evaluating the leukocytes' immune response only from blood samples collected in less than 3min from the beginning of the physical restraint of the snakes (Romero and Reed, 2005) , so that the immune functions analyzed were not underestimated by the effect of restraint stress. Furthermore, we reported the serum values of this hormone for the species studied, so that future researchers may compare their results with serum corticosterone concentrations, paralleling functional results with serum corticosterone levels. This work is the first to report on the functional characterization of innate responses of snakes' leukocytes subsets, linking flow cytometry cell features, microscopic images, and corticosterone levels. These methods exploit cell-specific characteristics inherent to snakes' leukocytes subpopulations: heterophils, lymphocytes and azurophils. The results obtained here may offer important and reproducible methods for better understanding of the leukocyte series in reptiles, allowing further studies and leading to advances in research in immunobiology, eco-immunology and clinical diagnosis. . Snakes' serum corticosterone levels according to snake species. Bars represent mean ± standard error.
